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j ABSTRACT

This report describes a FORTRAN II computer program for

generating synthetic ballistic vehicle trajectories. The vehicle is

I considered to have a constant ballistic coefficient and to be under the

influence of gravitational, aerodynamic, centrifugal and Coriolis

forces. The program contains provisions for computing the trajectory

Iin the reference frame of an arbitrarily located radar station.

A copy of the program may be obtained from the Scientific

Programming Library, Program No. SP-66.1
I
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LIST OF SYMBOLS

A Vehicle reference area

A Vehicle azimuth angle (measured in radar system)z

CD Drag coefficient (a characteristic of the vehicle)

E Vehicle elevation angle (measured ini radar system)

go Acceleration of gravity at sea-level

H Height above the earth's surface

k A force constant defined on page 4

i, j. k Unit vectors along the X, Y, Z axes respectively
of the earth-fixed coordinate system

R Radius vector from earth's center to the vehicle

Ro  A previous value of R used to compute ground range

R Slant range to vehicle measured from radar site

R 1  R I in vector form

R I Time rate of change of the slant range

Re Mean radius of the earth

R (4) Radius of the earth at latitude

Rer Radius of the earth at the latitude of the radar site

S Ground range defined on page 7

AS An increment of ground range

t Time

at An increment of timeI
!

°i



LIST OF SYMBOLS (cont.)

V Vector velocity of the vehicle in the earth-fixed
X, Y, Z system

V Magnitude of V

Vxm, Vy m , Vz' Velocity components in the local reference system
I Vof the vehicle

W Weight of the vehicle

X, Y, Z Earth-fixed coordinate system (Figure 1)

5 (, Y , Z First time derivatives of X, Y, Z

X, Y, 7 Second time derivatives of X, Y, Z

Xr m , Y , Z ILocal reference system of the vehicle (Figure 2)

Xr' Yr' Zr Coordinate of the radar in the earth-fixed

X, Y, Z system

IXl Y 1 ZI Radar coordinate system (Figure 1)

i Ballistic coefficient

I V Velocity aspect angle defined on page 1

I bVehicle re-entry angle

0 Longitude of the vehicle

Or Longitude of the radar

I' A constant defined on page 4

Angle between R and R used in computing ground range

p Atmospheric density

i
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LIST OF SYMBOLS (cont.)

Latitude of the vehicle

Latitude of the radar

Bearing angle of the vehicle

Earth's rotation rate

NOTE: With the exception of ground range all distances are in feet.
Ground range is in nautical miles. 13 has units of lb/ft2

and p is in slugs/ft2
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INTRODUCTION

This trajectory program is intended for use when the vehicle can

be considered as a point mass under the influence of gravity, atmospheric

drag force, Coriolis force and centrifugal force. The input parameters

have been chosen to be as few in number as possible and, at the same time,

the ones most often used. For instance, the initial position of the vehicle

is determined by its longitude as measured from Greenwich, its latitude

Iabove or below the equator and its height above the earth's surface. The

I position of the vehicle in a radar system is calculated from a knowledge of the

longitude and latitude of the radar site.

I The equations of motion, coordinate transformations and auxiliary

I computations are contained in the main body of the report. Appendix A

contains the numerical integration procedure used to solve the equations

I of motion. Appendix B contains a list of the Fortran symbols and corres-

I ponding mathematical symbols, t complete listing of the Fortran state-

ments and a flow diagram of the program. The input-output quantities

I are also defined in Appendix B.

I The author would like to thank Mr. Thomas J. Kroupa III for his

assistance in programming the equations for an IBM 1410 computer.!
!
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EQUATIONS O1" MOTION

The trajectory of the vehicle is referenced t ;t right-handed

rectangular co-ordinate system, x, y, z, rigidly connected to the

rotating earth and with the origin at the earth's center. The z-axis

is along the earth's polar axis and the xy plne is iin the plane of the

equator with the x-;Lxis located at the meridian of Greenwich. (See

Figure 1).

The force acting on the vehicle in this system are gravitational,

,ir resistance, Coriolis, and centrifugal. With the ,assumption that the

force due to ai r resistance varies ,as -kV' , the e-quations of notion

Along etch of the o-ordnate ixcs ire: (Referelnce 1)

(- z Kx x I 4t )

(x -! Z t.

(x + , 7)3/Z k(* 4  4 , .. y (.2)

I,
-3/ k i(k + 4 i,'1 Z~

( d z x 
z

where x, . d' x respectively, and

X, Y, 7 . .! respetivl
(it dt dt
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z = R

= acceleration of gravity at sea-hvel

R e = enian radius of tile earth

k =

p -atmospheric density
p is computed as a function of altitude by a .ubrOutine
based on the ARDC Model Atmosphere, 1959 (Ref. 4)

= V/CDA , the ballistic coefficient

W = the weight of the vehicle

C D = drag coefficient

A = reference area

W = earth's rotation rate

Equations (1), (2). and (3) were numerically integrated by the

fourth order method of Runge-Kutta as outlined in Appendix A. To

start the integration procedure, ia point in the 7-dimensional configuration

space t x y z X y must be known. This point is determined from the

usutl earth referenced trajectory parameters (speed. altitude, latitude,

longitude, bearing angle and re-entry angle) by the following transforma-

tions. (See Figure 2)

x = [Re(0) + I'] cos 4cos 0

y = IRe(i) + It cos *sin 0 (4)

z = Re(4) + HI ain 0

4
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Figure 2

Relationship Between the Earth- Fixed x, y, z System
and the Vehicle Local Reference System xm, Ym. Zm



i
I

-sin 0 -sin coso 0 cos coso 0 Vxm

- cos 0 -sin 0 sin 0 cos 0 sin 0, Vy m  (5)

z. 0 cos o) sin 4) Vzm

where Vxm = V cos 6 sin4

V - V cos 6 cos4j

Vzm V sin p

0 = longitude of the vehicle

4) = latitude of the vehicle

6 = re-entry angle (positive upward - see Figure 2)

bearing angle (positive clockwise from north - see
Figure 2)

Vxm Vym ,

Vzm = the components of V in the vehicle's local reference
system - see Figure 2

H = altitude above the earth's surface

Re( 4) radius of the earth at latitude 4)

Re(4) = 20855967(l - .00672267 cos z 4) 4)

Equations (4) and (5) are integral parts of the computer program.

The vehicle's position at any time during the integration is

given by:

I -=(x2 + yZ + zZ), - Re (4) (6)

I



z

ta Z tan + (7)
(xz +

I
where if z is positive, 0 < 4 < 90 (north latitude), and if z is

negative, -90' < 4) < 0 (south latitude)

0 = tanI Y (8)
x

To remove the ambiguity from 0, east longitudes were chosen to be

positive, and west longitudes negative. The value of 0 is determined

from Subroutine QUAD by the following scheme:

I y x 0

+ + 00 < 0 < 900

+ 90" < 0 < 1800

- + -90" < 0 < 00

-1800 < 0 < -900

Ground range (S) is defined to be the distance traveled from

the initial point along the earth's surface and is computed in increments

as follows:

Let R =ix + jy + k z at time t

and R = i x + jyo + kzo attime t-At

I Then:

J x R RI = IRDI I1 sin

where C is the angle between the two vectors. Since the computation

I
I
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interval At is very small, R will differ very little from R o, and

I and sin C 5.

Thus,

IR x R R~o R~ and

AS Rt (9)

AS is summed at the end of each computation interval to give S.

T*e re-entry angle, 6 , is given at any time by:

R RI V11- Cos (WIZ2-6)

= IRI IV, sin 6

6 sin-' R V / II1 IVI (o)

I
where:

IR I x +Jy + kz
i and,

V i x+ jy+ kz

I 6 is defined to be positive when above the local horizontal and negative

when below. (See Figure Z).

8
I
I
I
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TRAJECTORY PARAMETERS IN A RADAR REFERENCE SYSTEM

The co-ordinate system x, , y, z with origin 0, at the radar is

defined as follows: (See Figure 1)

x,, yz, are co-ordinate axes with origin 0, at the surface of the

earth, the x, , y plane is perpendicular to a radius vector drawn from the

center of the earth and the z, axis is along the radius vector, the positive

direction 'r x, and y1 are taken to be due east and due north respectively.

For a station at latitude Or and longitude Or , the co-ordinates of

O in the earth-fixed x, y, z system are:

Xr = Rer cOs Or c.)s Or

Yr = Rer cos Or sin Or (11)

Zr = Rer sin Or

where Rer is the value of Re(O) at Or'

Using the standard equation for translation and rotation of

co-ordinate axes, the following relationship between the two systems

is obtained. From x, y. z to xi . y l z :

xl -sinOr cose r 0 x xr

=y -sin Or cos Or -sin Or sin Or cos Or y r (IZ)

z I  Cos 4 O Or cor sin 1)r sin Or Z -r

I
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i'' II x 1 , Y I, Z!I to X. y, Z:

-sin 0, -Sill )r Cos ( r  cob 4)r cous 01 x I  'r

y cos 01r -sin (r sin Ur (: s )r s!" Or Yi - 'Yr (13)

S0cos r sin +. ZI zI

[In the t comnputer prograin, these trLll ttjr'ixitj(jn s aire executed

hy the subrutines COO!) and COODI. Thus, it one wishes to define the

radar system in some other manner, only the subroutines will have to

Ic ( h.tnig 4.

After the vehicle's position has been tranisformed from the

x, y, z system to the x 1 , yj , z, system, the slant range, azimuth

angle, and elevation angle ire computed as follows:

[i = (xi + y11, + Zi (14)

I
F = *.,n

-  [z I  /(XI, + yl) (15)

A, = tan -, X

Yi

E, ranges from 0* to 90' and is positive if the vehicle :s

.tlve the horizon.

A z ranges from 0' to 360* and is measured positive clockwise

I rm)rti north.

v<. , E 1 , and A z are computed in subroutine R AE. The comments

iiide about COOD and COODI also apply to RAE.

1
10



It,(:ii be expressed in the x, y, , system as:

anld the velocity vector in the same system is:

V= ix+ jy+kz

Using these two eqUations, the veloc~ty aspect angle ayid the range rate

Ic an be comnputed.

ThFle velocity aspect angle (angle between the radar line of

sight and the velocity vector;' is- given by:

R, V

4Ill (i (T oIipollellt (4 VI along R, is the range-rdte (H 1l). Thus,

4 V1 Cos Y(8

I Since ill is negative when the vehicle is approaching tile radar,

is chosen to range from 00 to I80*. y = 0* when the vehicle is

going directly away fromn tlhe radar, and y =1800 when lie vehicle

is headed straight ill.



CONCLUSIONS

'[he output of the computer program has been compared to actual

r.idar data and found to be in good agreement. It is felt that the program

will be useful for generating theoretical slowdown curves and for

determining range, range rates, and look-angles from arbitrary radar

locations.

I

I
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APPENDIX A

NUMERICAL INTEGRATION OF THE EQUATIONS OF MOTION

The method described below in the classic fourth order procedure

of Runge-Kutta (Reference 2). Only one point on the integral curves is

needed to start the integration, and with the aid of high speed computing

machines, any degree of accuracy can be achieved by choosing a

sufficieatly small increment of the independent variable.

Writing equations (1), (2), and (31 as:

= f (tx. y. z, x, yz) (IA)

Sf 2 (tx . y, z, x, y,z) (ZA)

= f3 (t' x, y, z, x. yOz) (3A)

AThe integration proceeds as follows.

Let t take on an increment at; then x, y, z, x, ', and i receive

increments K1 , KzK , . K 4 . K , and K 6 respectively.

!
KI = 1/6 (k,, + 2kal + 2k3j + k4 1 ) (4A)

Kz = 1/6 (klz + 2kzz + 2k3Z + k4 Z) (5A)

I K, 1/6 (k,, + 2k 2 , + 2k,, + k43) 16A)

!



K4 = 1/6 (k14 + 2k 2 4 + Zk 34 + k44) (7Al

Ks 1/6 (kis + 2k 25 + 2k 35 + k45 ) (8A)

K 6 = 1/6 (k1 6 + 2k?6 + 2 k 36 + k 46 ) (9A)

kl= iAt (1 A)

k12 = yAt (I IA)

k13 = iAt (12A)

k14 = fl(t,x'y.zxyk)At (13A)

k1 s = f2 (tx,y, zo$A,4,)At (14A)

k = - f 3 (t,xy,zik-,,)At (15A)

kz= (x + Ik 4 )At (16A)

kzz + 'kis)At (17A)

kzj = (- + k16 )At l 8A)

kz4 = f 1 (t+ + .At, x + Ikli, y + -kz , z + IkI 3 .+ AkI 4 ,

+ -kjs , - + lk 6 )"At (1 9A)

14



ks = fz (t + At, x + knI, y + -k, 12 z + -k. 3 , k+ Lk1 ,

j, + 1ks, + -k 1 6 ,) At (Z0A)

k26 = f3 (t + At, x + 2k 1, y + lklz, z 4- lk 3 , k+ k.

4 1-kis, - + lk 16 , ) At (21A)

k 31 = (ic + 1k 24 ) At (22A)

k 32 = + 1k2s) At (Z3A)

k33 = 1£ + lk 2 6 ) At (24A)

I ' i +1k6  At(2

k34 = f 2 (t + 1 At, x + lkz.y + +kzz, z+kz 3 ,+k,

I + lks , i. + -kz6) At (25A)

k3S = fz (t + SAt, x + k2 , y + 1 k2z z + lkz3, +Lkz 4 ,

+ 1kzs, . + Akz6) At (26A

II
k 35 = f3 (t + l ,tX + k z , ,zk 2

kt + 1 kzs , i + kZ6 ) At z ++ l z ,(27A)

k41 = (x + k34)At (28A)

k4Z =( + k35 ) At (Z9A)

k4= ( + k36) At (30A)

k44 = f1 (t +At, x + k 31 , y + k 3 z, z + k 33 , ;c + k 34 , + k 3S,

+ k 3 6 ) At (31A)



k4S = f4 (t I At, x + ki, y + ks!, z + k-, + k 34 , + ks,

z + k 6 ) At (32A)

k4b t, (t I At, x + kl y +- k, 2 , z + k 3 , 4 4 k34 , +' + k3 ,

z 4 k, 6 ) At (3 3A)

On the first pass through equations IOA to 33A, the

variables t, x, y, z, k, y, z will have their initial values. After

equation i3A has been executed, t is incremented by At, x by K1 ,

y by KI, z by Ks, k by K4, j by K5, and i by K1 ( and the procedure

beginning at IA is repeated.

During portions of the trajectory where the acceleration

is small At may be chose'n fairly large (around ' sec), but when

the acceleration is large, At must be small (around 1/100 sec).

Lquati(Jn s f, , fz . and f, are evaluated in the program by

subroutine FU23.

1I
I
!
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APPENDIX B

List of FORTRAN Symbols

Inputs to the Program

Output of the Program

Sample Print-Out

List of FORTRAN Statements

Flow Diagram

1
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LIST OF FORTRAN SYMBOLS

FORTRAN Symnbols Mathe!.-atical syllbolS

AKI, AK2, AK3 Kj, K2 , K3

AK4, AK5, AK6 K4 , Ks , K 6

AKI I, AKlZ, AK13 k, k 1 2, s 13

AKI4, AK15, AK!6 k, k1 s, k 16

AKZI, AK22, AK23 k, kz2 2 , k23

AK24, AK2 5, AK26 k24. z, z

AK3l, AK32. AK33 k3, k3 Z, k3 3

AK34. AK35, AK36 k34 , k3,k3

AM 1, AK42, AK43 k4 l, k4 Z , k43

AK44. AK45. AK46 k44, k4 5 , k46

ALA

A LO (
r

A Z A
z

D)EL

(ai~na y

19



FORTrRAN Synmbol Mathematical Symbols

H H

PHI 4

RAN S

RER R (4at 5

RO

RV H + R()

RI R

'1' t

THETA 0

V V

VT ( 2 + + i)

VX, VY, \v/ V ,V inI v ,V

XD Y. Dx y z

XDI)D, YDD D , VZ

XR, YR, ZR X, I ,.Z
r r r

xi, Yl, ZI X1, Yl, ZZ

I0



INPUTS TO THE PROGRAM

The initial conditions are read into the computer from four

input cards containing the following information:

Card #1 BC, DEL, BETA, V

BC = the ballistic coefficient (W/CDA) in lbs/ft4

DEL = the re-entry angle (negative when re-entering) in degrees

BETA the velocity bearing angle (positive clockwise from
north) in degrees

V = magnitude of the velocity in ft/sec

Card #2 THETA, PHI. H

THETA = longitude of the vehicle in degrees. If the
longitude is given as 0 degrees west of
Greenwich, change to 360* - 0.

PHI = latitude of vehicle in degrees - input as positive
j when above the Equator and negative when below

11 = altitude above the earth's surface in feetI
Card # 3 ALO, ALA

I ALO = longitude of radar site (input in the same manner
as THETA)

I ALA = latitude of the radar site (input in the same manner
as PHI)

!
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Card #4 DT, HEND, N

DT = increment of the independent variable time

HEND = altitude at which it is desired that the compu'ation
j be halted

N =print rate - controls the number of times through the
integration loop before printing. For instance, if DT
is 1/10 sec and trajectory data is desired at 1 sec
intervals, then N should be read in as 10.

I
I
I
!
I
!
I
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OUTPUT OF THE PROGRAM

£ The quantities shown on the sample print-out are defined as

I follows:

TIME = Elapsed time in seconds from initial point

LATITUDE = Latitude of the vehicle in degrees (positive when north
of the equator)

LONGITUDE = Longitude of the vehicle in degrees (positive when
east of Greenwich)

ALTITUDE Height above the earth's surface in feet

TOTAL ACCELERATION = Absolute value of the acceleration (ft/secz)
in the earth-fixed reference system

TOTAL VELOCITY = Absolute value of the velocity (ft/sec) in the
earth-fixed reference system

GROUND RANGE = Distance traveled over the earth's surface from
the initial point (nautical miles)

RE-ENTRY ANGLE = Angle between the velocity vector and the local
horizontal (degrees)

3 X RADAR
Y RADAR Co-ordinates of the vehicle in the radar reference

S7. RADAR system (feet)

AZIMUTH ANGLE
ELEVATION ANGLE Radar look-angles in degrees (azimuth is

no. of degrees clockwise from north, and
elevation is no. of degrees above the horizon).

I GAMMA = Angle between the radar line-of-sight and the velocity

vector (degrees)

ISLANT RANGE Distar, c from the radar to the vehicle (feet,

g RANGE RATE Rate -f chan,e of the slant range (ft/sec)

I
23
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LIST OF FORTRAN PROGRAM

PAIN PROGRAM

IFORTRAN RUN

BCP

I LINE # C

IPAGE 0 1

REAC 1OCBCOEL.BE TAtV

READ 1009THETAtPHIH

I REAC lOCALfl,ALA

READ IOI,DT,HENOvN

PRINT IC7

I PRINT ICE'

PRINT 1C2,H,V ,DELoBCBETAtPHI ,THETA

g TOO.

fELNOEL9.OI745

8ETAOBETA*.0Ol745g

I THETAOTI-ETA*.01745

PHIPHI*.01745

ALONALO*.O 1745

I ALANALA*.Ol?45

25



I LIST OF FORTRAN PROGRAM

MAIN PROGRAM

RVMI 289' ./SQRTF1.-.a62267.COSFPt1ia..2u

RER#2Oar'59E7./ScQRTFzI.-.Oo67267.COSFXALAn..20

XR MRER eOSF IAL Ao.CO SF ALOn

YR#RER*COSFALAm*S INFgALOia

LRNRER*SINFALAD

VXOV*COSFZOELOSINF 6E TAn

VYOV.COSFCELO.COSFSBE IAD

VZNV*SINFICELn

CALL CflCflXf 9YD 910 ,VX,VY,VZ*THETAtPHIO

j ~XNRV*COSFPH410COSFTHI4TAo

Y#RVCCSFPI1.SIKFTHETAn

LNVSNHI
I xaNx
YONY

RVOERV

I CALL AL T%,ROAvBqC ,DEF .Ga

RCORO/3?. I1'.

AK I I PXC*OT

AK12NYV#DIT

I 26



LIST OF FURIRAN PROGRAM

PAIN PROGRAM

CALL FU123%AK14,AK15,AKlA,X,Y,Z ,XDYD, ZD,RO,BC ,DTO

AK21kXD&.S*AK l4noDY

AK? ?flYC&. 9AK1I~n.D r

AK23#%ZC&. 5*AK 16t.DT

OCALL FU1231AK249AK259AK26,XE.S.AK11IY&.q*AK12,ZE.5*AK139XDE.S*AK14

1, YDf * AK 15, ZOC. SAK 16 ,RU,BC , TO

AK3 IflXCG. 5.AK24tD.DT

AK 32#%YOE.S*AK2SD*DT

AK 3 3#ZDf&.5*iAK260eOT

OCALL FU123%AK349AK359AK )69X&.S*AK219Y&.S*AK229ZL.5.AK23,XDC.S*AK24

1, Y01 *AK25, 1DE. 5.AKA, RO, BC , O

AK4IflXDGAK34I.OT

AK42NYC&AK 3509DT

AK4302ZC&AK360*0T

OCALL FU123XAK44',AK4StAK469XIEAK31P YCAK32tZ&AK33tXD&AK34,YDEAK35,10C

IA~,OB,~
AK102AKIIC2..AK2lt2.AK31LAK410/f.

AK2#%AK12C2..AK22&2. .AK3?V&AK.20/6%.

AK3EAKl3&2.AK?3&?.AK33AK43ti/ .

27



LMS OF FCRIRAN PROGRAM

P'AIN PROGRAM

AK4MAKl4fE2.*AK?4!..AKi4LAK44n/6.

AK'#NAKI'12.AK%2.AK3AK4io/'.

Ah6MAKIf2..AK2fdL?.*AK3f6LAK4fu/6.

XMX LAK I

Y NY AK?

ZMIIAK3

XC N X :CA9K4

YCINYIDAKe'

ICNlCEAK6

RV4SCRTFX*XLY.YLZlal

HNRV-2O85'5967./SQRTFI. -. OO6?2267.%X.XCY.Yn/RV..?a

I C#SQI~lFBD/XRVvRV~o

RAN#C*.07O8SO9EEO1/61#6. 1lRAN

I TOT&CY

mimE i

I IFtK-MO?,?,1

g ? CALL QLJADXTHETA#PHIoXsY~lf1

MNO

I VTOSLQ TFVXC~xi1&Y.YCUczflan

28



LIr Or FCRIRAN PROGRAM

MAIN PROGRAM

f AL FU1?3ZXD)D,YOU,ZOO.X,Y,,X,YD,D,RO,C,I.l

AIM S CR If ~x(H) e &Of.YDOIUDC Cr1

I)NXX[x:Y*YDLZ * ZDo/%RV*VT n

li 1 NSUQ1 T I %I 1. -1)

l)L#ATANFC/O)lu/.0114533

CALL C(CC!)x1 ,Yl.i I X-XRV-YRZ-ZRALOALAO

CALL RAI[gRIvAZFLXIvYl#Z1Cj

RRIN 2X-XRc*XDLY-YRU.YO&%l-ZRu.ZDo/R1

CGJAMAORR 1/VT

GAVA#SCR iF%! .-CrAMA*.2o

jrERe~lcl2, 12o,3

13 GAMAOATANFI% AM/CGAMA/.174,9

1? (AMA#18C.-ABSFATANFSGAMA/CAMAI/.14i

Ic, CONIUNUF

PRIN! ?COTqPHlA1

PRHINT ?01 ,HTHE TAEI.

I'RINI 202,AToDEL,GAMA

PR INT I11 I I,

PR1IY 203*VToRl



LIST OF FORTRAN PROGRAM

PA[IN PROGRAM

PRIN.T 2CdsRAN,RR1

IINE 0 tI NE f. I

IFUIlNE -6o1?34,I',2391234

141 LINE M C

1.IPACE 0 IPAGE L I

PRINT I'S32tIPAGE

1' I? FCRPAT:II,75X,4HPAGE,150

1?)4 CUNTINUE

IFIP-HEN0od,4, I

4 PRINT rSco

10 CRPAf%8F 15.80

:0I FCRIPATIH1,5lX,I8INITIAL CCtiDITIONiS

1 1(fvOFCRIATArHltK25X,3HALT,5)XSH1VELOClrY,3XIOHRE-ENT ANGtXt6HBAL COI5X

1,8tiBEAR ANG99X94HLATOv9Xt4#ILOV

to1? FORIPATSI 179HE35

I ?OOOFORMAt//,I6X,4HJlPEtl8XEi2.5,6X,8HLATITUDE,9XElZ.5,5EI3HAZIMU

ITH ANGLE,5XtEl2o.sa

5 2010FCRMATKIl , 15X,8HALTITUDE,14XEl2.5,6X,9HLONGITUDE,6XE1Z.5,5XtI5H

30



LIST OF FCRTRAN PROG;RAM

PAIN PROGRAM

IELIVAT ieN ANGLE, 3X9El2.qu

202OFCRMAT%1IH 1SX, 18HTCTAL ACCELERATION,4XE12.5,hX,14HRE-ENTRY ANGLE

2O30FURVATIH ,S1I4H-TOTAL VEICCI JYq8XvE12.S,6XqllHSLANT RANGE,6XvEL2

204 FORMATI ,15X,12H4GROUND RANGE1OIXqEI2.'96X,IOHRANGE RATE,7X,EI2.-)

1a

lI I I FCRATIH 9 SX@RHX RADAR 9 14X9EI2.5,6X,8HY RADAR ,9X9El2.5v5Xv7Hl

IRAOAR, IIX,E12.90

-,00 FCRMATXIHI,I!OX,IOHEND OF JOB //////

I



LIST OF FCRTRAN PROGRAM

SUBROLTINE COOD

BCP CO(ID

SUBRCUTINE COOA,B,C,DtE,F,O,Po

AO-C.SjNFCD-E .SIFPra*COSFaa&FoSFPn*COSF:Oa

CMI *COS( XP03&F*SINFZPti

RETURN

END

32



LI S! OF ;I FP1RAN I1P(J(,kAM

SUBROULTI NE (JUA )

BiL CV UAD

,, IPR(A I I't UUAD%AB,9X, Y 9 11

A#A iANF1Y/Xo/.0174s

* 2y9,2

if 1TX[3,4,?C

3 A # -IAIC. C A

GOi 10 2C

CC TO 20

I (A. 1C 2

g 20 MNATANFU/SRTFXXEYYrirna/.OI 749

141 TURN

I [NO



LIST OF FERTRAN PROJGRAM

I UHROUTINE A

CP RAE

SIJHRCUr INE RAEAtB#C,X1 ,YT , I I

ANSCRTFXL*Xl E Yl.Yl (.I*lZIfl

LNAIANFWI 1/SLURTr~xiOxi C Yl#Ylaa/.OI 749

BNATANFIXI/YlD/.O1 145

I IFY13 , 9
I FIN 180. E8

C(f rL Is

4 8019C.

r, I'36C.EH

I (GU IC 1S

/ F2Y106,4v,15

GC IC is

I I' RETURN
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LIST OF F (JN !IAN P)UA

d SUBRCUL I N1 C00111l

I3CP £0001

SUB~ROUT INE C0LDIh,89C,DtE,F,O,Pn'

A#-C*S iMCn1E*ECOSF20cI

RM-C.SiNF2PO.C0SF2OO-E.SINFIPn.SINFrJ(J.FCOSFCPO

C#C.COSFPa.COJFCotE.COSFPu*S INFVZJ-i.,F.SINF'tPn

RETrURN

END

I3



L IS T OF F CR TRAN PROGRAM

supROuJINE FUI23

I3CP FUi123

SUBRCUT INE FU123%AtBgCKYotXC,YD,ZD,lRORCOF0

4 C?,2#1. 3R99C091EE16

tU#. 1291'8296E-O4

4 C3d I U.Ofi ?.R(:/IBC

O1#I*X&Y.Y&U.Zn**. .

02#SCRTFX0*XD&YD*Y0EZO~lC,'J

Aa*-C2.X/Dl-C3.XCO2C2. t*yCEAJU*XflDT

HU'-C2*Y/D1-C3*YD*D2-2. .jXCCU.U.*YuOO

ib%-C?*Z ID -C 3.ZD*02a*DlT

RE TURN

END)

I 36



LIST OF FORTRAN PROGRAM

SUBROUTINE ALT

I CP ALT

SUt~ROlr INE ALr'tHROPRCF,FP,TEIO',GRAWMSOSOI

jI %FI--40C00C.n30, 30, 31

31 RCOO.

I RETURN

I 30 IFHI-40CO0.012,3
I XIH/IOOCo.

1 P30 -0.S67?184CfE-C3

P20 -0.9'S8C8049E-02

I PIN -0.373'.1339E&C

PON 0.19l13i14ELC0?

T3N 0.1?881606E&01

g T20 -0.6o534827E&Cl

TIN -0.28813137(tLC2

100. 0.vSI1123h9VCC3

GC TL 'iC

g 3 IFi -- CC00.u4,"i,6

4 LCNTINiE

S XUNV-400O0.0/1000C.
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d LIST OF 1-CRIRAN PROGRAM

I SUBROUTINE ALI

3# i- 0. icl)44 [ 0

SC.2'9197324E-O3

I P'l 4-0.4 I8ki3423F&OC

PO 0. 1148 7069E&C02

I I U. S

f1H 6'CM ..389 9 OE O

I I(M?-'-oCo.a/IOOOC.

4 I?# 0.99676253E-02

I'IM -O.'ItO9O213E&OO

4(; "U .19979633ELO2

13# -0.1090S286B8EE00

II 0.12416913E&02

10#M O.389?98O'iEC03

(iIf) liC

38



I LIST OF FCRTRAN PROGCRAM

I SUBROUTINE ALr

8 CCNTINUE

9 IFIH-119'5CC.olO, 11,1?

10 CCNTINUE

11 XfHlhIoooc.u/ICOCO.

1 P3# C.OCOO

P20~ 0.1680C000E-03

PI9-0. 36?83O4OECOO

3 P09I 0.12266563EE02

F 3 0.

[29# 0.

1I# C.

I Gc c 'Ic

413 XNXF-17500C,0/10000.

PIN -0. 3h369539E&00

PON O.117231S1EL02

130 O.12190E6?9ELC0

39



g LIST OF FOJRTRAN PROCGRAM

SUPRUUTINE ALF

B T2# -0.137459'84E(.01
T10 -0.. 03'i7798EC02

TO#O .SO759'1SHEO3

GC 16 5C

114 CLN I INUE

15i IFHI-29000.016917,18

16 CCNTINUE

17 XOH'-2C000sc/l00CO.

P30 0.

1 P20 0.25095006E-03

P10-0.6 1251,03SEE0O

T3O 0.

T24 0.

T00 0.2982C000EE03

I GO TC 91C

18 IF2ZI-35C00IC.019,20921

1 P3N -0.1224'3014E-03

40



LIST OF FCRfRAN PR[JGRAM

SUARnUTIN( ALI

P2 0O.I6998982E-Cl

PIN -0.63252IgEE9FCO

PON 0.'9f79151EI

T30 -O.'i5833219EfCCO

T20 O,61892744EECI

110 0.66193506E&00

TO# O.29675713ECC3

jGC TO SO

20 CCNTINUE

21 XOXH-350000.0/ICCCO.

P3N -0,263C9606E-C2

P20 0.'43390852E-CI

PIN -O.43767363EOO0

POO O.?15hR534EE01

T30 -0.10924,33'IFL00

T20 0.R40T'4361EL00

TIN .0535E0

10O0O.403e134EE~C3

50 IFXi-29SU00.a22,2223

22 WP#28.966

41



LIST OIF FOHIRAN PROG(RAM

SLJHRCLTINE ALI

23 IFF-1cl0VC.t2A,29,?'i

24 WMM28.9AR8'R-%O. 117144E-o1n.X-%0. 14?A';128F-02n*X*X

GC IC 91l

25 wU ?A.848927-%0.269t2 11 E-01ag-%0. 89 303S08[-03u*xXX

91 PRIXFP3XP X~llXIOa100000.

TEMNXT 3*XET~rz.XET 1oXET0

RC#%PRWMnh/%154S. * EMo

RE TURN

SCSNSQRTF'%.0436*PR/ROO

FPM 10/1 * 406976EEC9eWM/RI

VB#SQRIFE3.6666166U&06.TI Mti/Wt

CF#Vbj/FP

RE TURN

END)
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Start

I Line = 0

I Page = 1

I Read 100
BC, DEL,I BETA, V

I Read 100
THETA, PHI, H

I Read 100
ALO, ALA

I I Read 100
DT, HEND, N

Print 107

Print 106

I
Next
Page

9 43



ENTER FROM PREVIOUS PAGIE

Print 1O.
H, V, DEL, BC, BETA

PIl, THETA

RAN - 0
T=0
M=0

DEL=
DEL (.01745)

BETA =
BETA (. 01745)

THETA
THETA (.01745)

PHI=
PHI (.01745)

I ALO=
ALO (.01745)

Next
Page

44



ENTER FROM PREVIOUS PAGE

ALA=
ALA (. 01745)

RV = H + 20855967/

1-. 00672267 [ COSF(PHI) ]2

RER = Z0855967/

jI-. 00672267[ COSF(ALA)l2

XR = RER (COSF(ALA)
(COSF(ALO))

YR RER (COSF(ALA))
(SINF(ALO))

N extq Page



ENTER FROM PREVIOUS PAGE

ZR =REI{

j (SINF(ALA))

I VX = V(COSI"-([)LI))

(SIN F(B ETFA))

VY = V(COSF(DE4))I (GOSF(BETIA))

VZ

I V(SINF'(DEL))

Gall COOF)I (XD, YD, ZD, VX, VY, VZ,I
THETA, PHI)

IX =RV (OFP1)
(cosF (TH ETA)

N ext
Page

46



ENTER FROM PREVIOUS PAGE

Y = RV (COSF(PIII)
(SINF(TIIETA))

Z = RV (SINF'(PII))

1__ _Enter No. 1
From Page 54

or 58

XO X

[~YO{=Y J

ILO 7
iilz 0

RVO RV

ICall Alt
(H, RO, A, B, C,

D, E, F, G)

Next
Page
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ENTER FROM PREVIOUS PAGE

RO RO
32. 174

AK1 1 XD(D[T)

AKlZ YD(D'I')

AK13 ZD(DT)

~Call FU 1.3

(AK14, AK15, AK16, X,Y, Z,

X D, Y D, Z D, RO0, . ... 1)

I I

AK 11 = DT[XD + .5(AK14)1

AK ZZ = DT[YID .'i(AKIS)

Page

48



ENTER FROM IPU.V1(US PAG;E

GALL FU l.3
(AK24, AKZ5, AK.16, X1 .59 (AK ] !)

Y+.5 (AKIZ), 7Z .5 (AK13),

Z D 5 5(AK 16), IO 0 B C, DT1

fAK31 = DT
XD +. 5 (AK24) I

[AK 32 =DT
fYD + . 5 (AK25)J

IAK33 -T
[ZD+.r9 (AKZ6)1

GALL FU 143 K5)
(AK34, AK35, AK.36, X . 5 (AKZI),

Y+. 5 AKZZ), Z. +. 5 (AK23),
X+.5 (AKZ4),YDf. AZ)

ZD+ .5 (AK26), RO, BG, DT')

9 Next
Page
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ENTER FROM PREVIOUS PAGEI
AK41 = )T
XI) + AK341

I
AK43 = )T
Y) + AK351

I
AK4 i = DT

I ZD AK361

CALL FU 123
(AK44, AK45, AK46.

X+AK31, Y+AK32, Z+AK33.
XD + AK14. YD + AK35.

/,D +- AK36, RO. BC. i)')

I AKI = (AKII + 2(AK2I)
2(AK31I) + AK41)/6

AKZ = (AKI 2 + ,. (AKZZ) +

2(AK3Z) + AK42)/6

4, c@o



ENTER FROM P'REVIOUS PAGE

AK 3 = (AKI13 + 2(AKZ 3) +
2(AK33) + AK43)/6

AK4 = (AKI14 + 2(AK24) +
2(AK34) + AK44)/6

AK5 = (AKI 5 + Z(AK25) +
2(,iK35) + AK45)/6

AK6 = (AK! 6 + 2(AK26) +
Z(AK36) + AK46)/6

Y=Y+ AK~I

Next

Page



ENI'ER FROM PREVIOUS I'A(',

i Z=Z+ AK3

I
!1YD = DI) + AK5]

[- [ Z D + A K6J

II

I

If= RV A

I .208%'S967

A X

1 - . 67 6 lV

II

I aeNext
S 2



ENTER FROM P EVIOUS PAGE

l2
B I = [Z (YO) - Y (ZO)]

+ [x (Zo) - 7. (XO)J

+ [Y (Xo)- x (YO)J 2

C -R v(R VO)

RAN = RAN +

C(Z. 078505E + 07)
6076. 1

I
= T + DT

i 1
I

M =M+I
! ex

Pag

| I



ENTER FROM PREVIOUS PAGEo0
a >0 - N> - -

(Page 47)

(ALL QUA1)
(THETA. PHI. X, Y. Z)

M=0

[v'r -- bX z  Y-b- - zi !Z6

II

GALL FU 123
(XDD. YDD, ZDD, X, Y. Z

I XD, YD, ZD. RO, BC. 1.)

AT

I'XDI 2 4 YD-Db -Zb-160

6ext

Page

5i4



ENTER FROM PREVIOUS PAGE

I _XXD) + YIYD) + ZIZD)D = RY (VT)

I DI1

DEL ATANF (D/DI)
D = .0174533

CALL COODI
I (XI, YI, Z1, X-XR,

Y-YR, Z-ZR, ALO, ALA)

I CALL RAE
(RI. AZ, EL, X1, Yl, Z0)

RRI = [(X-XR)XD + (Y-YR)
YD+ (Z-ZR)ZD]/RI!

Nextg Page

I 55

,



ENTER FROM PREVIOUS PAGE

I _ _CGAMA = VT__

SGAMA ='.JI-(G6iAMA -

I

GAMA 180 ABSF GAMA -!
ATANF ( °GAoM ATANF ( S(AMA

.01745 .01745

CONTINUE

It _ _

Print 200
[T, PHI, AZ

Next
Pag eKU 56



ENTER FROM PREVIOUS PAGEI
Print 201

H, THETA, EL

Print 202 1
AT, DEL, GAMA

Print 1 1 1 I
XI, YI. Zi

Print 203
j VT, RI

Print 204
i RAN, RRI

Line = Line + 1

0 Line =0

1234IPage

IPage + 1

(Next Page)

Print 1532
IPage

57



ENTER 1234 FROM PAGE 57

I CONTINUE

1
0>> 0

(Page 47)

PRtINT 500It

ISTOP
END

I!
!

I

I



SUBROUTINE COOD

SUBROUTINE COOD

(A. B, C, D, E, F, 0, P)

A = -D(SINF(O)) - E(SINF(P))

(COSF(O)) + F'(COSF(P))

(COSF(O))

I = I)(COS F (0)) - E.(SIN F(P))

(S1Nt.'(O)) f F(COSF(P)

(SIN F(O))

C= E(COSF(IP) + F(SINF(P))

I I RETURN

: ND

I

IS



SUBROUTINE QUAD

-1
SUBROUTINE QUAD

(A, B, X, Y, Z)

.1~111
ATANF(Y/X)

.01745

0 > IFIY) ? 0

0 > 0

A =180 + A E A = 90 A =180 + A

I B = ATANF(Z/(SQRTF(Xz

+ Y')))/.01745

RETURN

END

60



SUBROUTINE RAE

SUBROUTINE RAE
(A. B, C. X 1, Y 1, Z 1)

A - 4 ) -  (Y 1) + (Z 1)2

Al1 AN (Z 1)

,(X Y) + (Y I V .i)
(301745

1
[ A'r'ANX_

B -- .0 745

I, 5
< 0 > 0

(Ne.xt Page) Next Page)

61



ENTER I FROM ENTER 2 FROM
PR EVIOUS PAGE PREVIOUS PAGE

0>=0 =0 > 0

>0 <0>0B =90 t

\1
t= 360 B B 180 + B

H I' 4 BI-

T

RETURNEND

6
!
!
!
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SUBiROUTINE C;OODM

SUBROUTINE COODI

(A, 13, C, 1), E, F, 0, P)

A = DSN()

I.L(cosviO))

B -I)(SINV~(IP))(COSF())

-E(SIN. (Ii(SINF(O))

I I(SINV()

I~1 PAT __1__N

EN

I0



SUBROUTINE FUI 23

SUBROUTINE FU123

(A, B, C, X, Y, Z,
XD, YD, ZI), RO,

BC, 1)T')

C = 1.38999091E + 16

U = .72918296E - 04

C3 = 16. 087 (-R)
BC

DI = (xz + y + ZZ)

I
I Next

Page
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SUIROUTINEF'U !23

A = c (X) -(

1)

(:3 (XI)) (1) ) 4 2(U) (YI))

4- 1J (X) I DT

I c I - CL (Y)/I) I

C3 (YI)) (12) - 2 (U) (XD)

I ) u"-(Y)I Dr

C = r-cz (z/r)/ -

C 3 (/,D) (1)2)1 D1 j
I I

6RURN

65


